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Background: GADD45α is a tumor suppressor protein often upregulated by environmental

stresses and DNA-damage agents to cause growth arrest, apoptosis, tumor growth inhibition,

and anti-angiogenesis. A novel suicide gene therapy vector pE9NS.G45α was engineered by

cloning GADD45α opening reading frame downstream to the synthetic CArG promoter

E9NS, which contains nine repeats of CArG element with modified core A/T sequence and

functions as a molecular switch to drive the expression of GADD45α. The current study aims

to determine the efficacy of this suicide gene therapy vector in combination with cisplatin,

resveratrol, and radiation in NSCLC cell lines with various p53 statuses.

Methods: Three NSCLC cell lines, H1299 (deleted p53), A549 (wild-type p53), and H23

(mutated p53), were examined in the present investigation to represent NSCLC with different

p53 functions. MTT assay was conducted to select suitable doses of cisplatin, resveratrol, and

radiation for gene therapy, and dual luciferase assay was performed to validate the activation

of promoter E9NS. The efficacy of gene therapy combinations was evaluated by the amount

of GADD45α expression, cell survival, and apoptosis.

Results: All the combinations successfully activated promoter E9NS to elevate intracellular

GADD45α protein levels and subsequently enhanced cell viability reduction and apoptosis

induction regardless of p53 status.

Conclusion: Our study demonstrates that GADD45α-targeted suicide gene therapy con-

trolled by synthetic promoter E9NS sensitizes NSCLC cells to cisplatin, resveratrol, and

radiation and is effective against NSCLC at least in vitro.
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Introduction
As chemo- and radio-resistance becomes a persistent problem to cancer treatment,

the development of other approaches is urgent. Suicide gene therapy is the

delivery of pro-apoptotic genes or enzyme genes that convert non-toxic prodrugs

into lethal agents to kill cancerous cells. This strategy has achieved success in

a large number of in vitro and in vivo studies, but its clinical effectiveness has

been limited by identification of the appropriate therapeutic gene and optimal

transgene expression.1 Therefore, a novel vector that carries an effective suicide

gene under the control of an inducible promoter may bring big breakthroughs in

gene therapy research.
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Growth arrest and DNA damage inducible 45 alpha

(GADD45α) is an ubiquitously expressed nuclear protein

physically interacting with cellular proteins that are impli-

cated in DNA repair, cell cycle regulation, apoptosis,

senescence, and autophagy.2 For example, it interacts

with elongation factor 1α to disrupt cytoskeletal stability,

consequently inducing the release of pro-apoptotic protein

Bim from mitochondria to initiate apoptosis.3,4 The tran-

scription of GADD45α is directly regulated by multiple

tumor suppressors including p53, FOXO3a, and BRCA1

in response to environmental and/or physiological

stresses.5 The absence of GADD45α exhibits genomic

instability and increased sensitivity to carcinogens, facil-

itating the process of tumorigenesis.6 In fact, dysregulation

of GADD45α has been observed in various types of can-

cer, particularly in osteosarcoma, lung, and prostate

cancer.7–9 Upregulation of GADD45α is an essential step

for the anti-tumor activity of chemotherapeutic agents

including docetaxel, trichostatin A, and curcumin, and

silence of GADD45α may weaken the therapeutic effects

of these drugs.10

Several inducible systems have been investigated to

control the expression of transgene, such as tetracycline-

controlled transcriptional activation, artificial riboswitches,

and ecdysone-regulated gene switch.11–13 CArG element

has been identified as a 10-nucleotide motif of the con-

sensus sequence CC(A/T)6GG in the Egr-1 promoter that

is responsible for the inducibility of Egr-1 promoter by

radiation and chemotherapeutic agents. Both synthetic

CArG promoter based on isolated CArG elements and

nature Egr-1 promoter have been successfully applied for

the spatial and temporal control of transgene

expression.14,15 They can be induced by radiation, che-

motherapeutic agents, and non-toxic compounds to

express the targeted gene, while remaining minimal intrin-

sic activity when not activated.16–18

The purpose of the present study is to evaluate the

in vitro therapeutic efficacy of our suicide gene therapy

vector in combination with cisplatin, resveratrol, or radia-

tion in non-small cell lung cancer (NSCLC). We first

determined the cytotoxic effects of cisplatin, resveratrol,

and radiation in three NSCLC cell lines with different p53

statuses, and confirmed the responsiveness of synthetic

CArG promoter that contains nine tandem-repeat copies

of the new CArG sequence (CCATATAAGG) to cisplatin,

resveratrol and radiation. Then, we constructed suicide

gene therapy vector pE9NS.G45α that expresses

GADD45α when the inducible promoter is activated.

Each suicide gene therapy combination (pE9NS.G45α
with cisplatin, resveratrol or radiation) successfully

achieved cell survival inhibition and apoptosis induction

in tested NSCLC cell lines.

Material and methods
Cell culture and chemical reagents
Human NSCLC cell lines H1299, A549, and H23 were

purchased from American Type Culture Collection

(ATCC), and maintained in RPMI 1640 medium

(Invitrogen Life Technologies, Carlsbad, CA, USA) supple-

mented with 10% fetal bovine serum (FBS), 100 U/mL

penicillin and 100 µg/mL streptomycin (Sigma Aldrich, St

Louis, MO, USA). All the cells were incubated in

a humidified incubator at 37ºC with 5% CO2. Cisplatin was

obtained from AdipoGen (San Diego, CA, USA) and resver-

atrol was manufactured by ChromaDex (Irvine, CA, USA).

Construction of plasmids
The pTargetTM Vector (Promega, Madison, WI, USA) was

used as the basis for pE9NS.G45α. The human GADD45α
opening reading frame (ORF) was amplified from

GADD45α cDNA (Origene, MD, USA) using PCR. The

fusion primers were designed by Clontech bioinformatics

(Clontech Laboratories, Inc., Mountain View, CA, USA): 5ʹ-

GGGCGAATTCGGATCCGCCACCATGACTTTGGAGG-

AATTCTCG-3ʹ and 5ʹ-TTGGAATTCGCGGCCGCTCACC

GTTCAGGGAGATTAAT-3ʹ. Amplification was performed

for five cycles of 15 s at 94ºC, 60 s at 53ºC and 60 s at 72ºC,

with a further 25 cycles of 15 s at 94ºC, 60 s at 60ºC and 60

s at 72ºC. pTarget vector was linearized by Fast Digest

BamHI and NotI (Life Technologies, Carlsbad, CA, USA)

at 37ºC for 10 mins and 80 ºC for 5 mins and purified by gel

purification Qiagen Kit (Qiagen Sciences, Germantown,

MD, USA) after running on GTG 0.5% agarose gel.

Linearized pTarget was infused with GADD45α ORF by

infusion dry HD cloning kit (Clontech Laboratories, Inc.,

Mountain View, CA, USA) to create pT.G45α. Synthetic
CArG promoter E9NS was cloned as double-strand linker

molecules derived from complementary single-stranded oligo-

nucleotides (ODN): 5ʹ-GATCT(CCATATAAGG)9GCGAT-3ʹ

and 5ʹ-CGC(CCTTATATGG)9A-3ʹ. Linkers were produced by

mixing 1 nm of each ODN in 20 µL volume of oligo annealing

buffer (10 mM Tris.HCl, 100 mM NaCl and 10 mM EDTA),

heating to 95ºC for 4 mins then cooling to room temperature.

pT.G45α was linearized by Fastdigest BgI II and AsiSI (Life

Technologies, Carlsbad, CA, USA) at 37ºC for 20 mins and
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gel purified. Linearized pT.G45α was mixed with E9NS

dODN and T4 ligase in T4 ligase buffer at 22ºC for 1 hr and

70ºC for 5 mins to construct pE9NS.G45α.

Transfection of DNA
Transient transfection with plasmids was performed by

using LipofectamineTM 2000 (Invitrogen Life

Technologies, Carlsbad, CA, USA) according to the man-

ufacturer’s protocol. Cells were seeded in Opti-MEM®

I Reduced Serum Medium (Life Technologies, CA,

USA) containing 10% FBS and 1% Non-Essential

Amino Acid (NEAA) (Lonza, Allendale, NJ, USA) with-

out antibiotics. Complexes in a DNA (µg) to

LipofectamineTM 2000 (µL) ratio of 1:2 were added

directly to 70–90% confluent cells on the second day and

incubated at least 24 hrs before further treatment.

Western blot analysis
Whole cell lysates were prepared as described previously.30

Protein concentration was determined using PierceTM BCA

Protein Assay Kit (Thermo Scientific, Waltham, MA, USA).

Cell lysates (50 µg) were electrophoresed through 4–20%

precast polyacrylamide gels (Bio-Rad Laboratories, Inc.,

Hercules, CA, USA) and transferred to nitrocellulose mem-

branes (GE healthcare, USA). The blots were blocked in

Tris-Buffered Saline and Tween 20 (TBST) (Santa Cruz

Biotechnology, Inc., Dallas, TX, USA) containing 4% milk

and probed with the antibody GADD45α (H-165), β-actin
(C4) (Santa Cruz Biotechnology, Inc., Dallas, TX, USA),

caspase-3 (9662), cleaved caspase-3 (9661) or cleaved

PARP (5625) (Cell Signaling Technology, MA, USA)

diluted according to manufacturer’s recommendation in

TBST with 5% Bovine Serum Albumin (Boston

BioProducts, Ashland, MA, USA) plus 0.02% sodium azide

(NaN3) overnight at 4ºC. After washed with TBST, the blots

were incubated with horseradish peroxidase-conjugated anti-

mouse/rabbit antibody for 1 hr, and then washed and

detected by the West Pico from SuperSignal (Thermo

Scientific, Waltham, MA, USA).

Cell viability assay
Cells were seeded in 96-well tissue culture plates at

a density of 7,000 cells/well and treated with different

doses of cisplatin, resveratrol, or radiation on the

next day, or transfected with pTarget or pE9NS.G45α
before exposed to 3 µM of cisplatin, 25 µM of resveratrol,

and 5 Gy of radiation. Forty-eight hours later, the culture

medium was replaced by a medium containing 1% FBS

and 1 mg/mL of MTT (Boston BioProducts, Ashland, MA,

USA). At the end of 4-hr incubation, the medium was

removed carefully and the converted dye was solubilized

with 150 µL of DMSO. Absorbance was measured at

a wavelength of 570 nm with background subtraction at

690 nm. Cell viability was calculated by using the equa-

tion: cell viability (%) = (Atest/Acontrol) × 100%.

Dual luciferase assay
Cells were seeded in 96-well plates and cotransfected with

firefly luciferase construct pE9NS. Luc and Renilla lucifer-

ase plasmid pRL-TK on the second day. Forty-eight hours

after transfection, cells were stimulated by cisplatin, resver-

atrol or radiation and incubated overnight before lysed

with M-PER® Mammalian Protein Extraction Reagent

(Thermo Scientific, Waltham, MA, USA). Luciferase activ-

ity was measured by using Dual Luciferase Report Assay

System (Promega, Madison, WI, USA).

Measurement of apoptotic cells by flow

cytometry
The quantitative analysis of apoptosis was done by using

Dead Cell Apoptosis Kit with Annexin V FITC and PI

following the manufacturer's protocol (Life Technologies,

Carlsbad, CA, USA). After transfection with pE9NS.G45α
or pTarget and exposure to cisplatin, resveratrol or radia-

tion for additional 48 hrs, cells were harvested with tryp-

sin, washed with cold phosphate buffered saline and

subjected to Annexin V-FITC and propidium iodide stain-

ing in binding buffer at room temperature for 15 mins in

the dark. Stained cells were proceeded to flow cytometry

using BD AccuriTM C6, and the data were analyzed by

CFlow Plus (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis
Data are presented as mean ± SD or mean ± SEM.

Statistical analysis was performed using an

independent t-test for two-group comparison and one-

way ANOVA for multiple comparisons.

Results
NSCLC cell viability is reduced by

cisplatin, resveratrol, and radiation
The cytotoxic effect of a certain drug may vary among differ-

ent cell lines. Therefore, in order to select a reasonable dose for

each combination of our suicide gene therapy, the effects of

cisplatin, resveratrol, and radiation on H1299, A549 and H23
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cell viability were determined byMTTassay. Cisplatin, resver-

atrol, and radiation reduced NSCLC cell viability in a dose-

dependent manner. H23 cells were more susceptible to cispla-

tin and high dose of resveratrol compared with H1299 and

A549 cells (Figure 1A and B). The three NSCLC cell lines had

a similar dose–response curve in viability in response to

radiation, and the viability dropped significantly from 2 to 5

Gy (Figure 1C).

Synthetic CArG promoter is sensitive to

cisplatin, resveratrol, and radiation
Previous studies showed that synthetic CArG promoter

E9NS effectively responded to radiation, chemotherapy,

and resveratrol in different types of cancer cells.14,17 To

confirm and compare the inducibility of E9NS promoter by

cisplatin, resveratrol, and radiation in NSCLC cell lines with

different p53 statuses, cells were transiently co-transfected

with firefly luciferase construct containing promoter E9NS

and Renilla luciferase internal control reporter plasmid pRL-

TK for 48 hrs followed by the stimulation of cisplatin (1 and

5 µM), resveratrol (10 and 50 µM) or radiation (2 and 8 Gy).

All the treatments increased E9NS promoter activity with

a dose-dependent trend in all the tested cell lines regardless

of p53 function (Figure 2A–C). Taken together, promoter

E9NS is suitable to work as the inducible promoter in our

suicide gene therapy.

Gadd45α expression is induced by

activated pE9NS.G45α in NSCLC cells
Western blot analysis was used to assess cellular GADD45α
protein levels after cells were transfected with pE9NS.G45α
or pTarget for 24 hrs and then exposed to cisplatin, resver-

atrol, or radiation for an additional 24 hrs. None of these cell

lines expressed detectable level of GADD45α protein after

transfected with control vector and treated with 3 µM of

cisplatin, 25 µM of resveratrol or 5 Gy of radiation. In

pE9NS.G45α-transfected cells, no increase in GADD45α
protein expression was observed when the suicide gene

vector was inactive, however, when activated by cisplatin,

resveratrol or radiation, the vector started to express

GADD45α protein, and a significant elevation in

GADD45α protein level was observed (Figure 3). Our data

indicate that cisplatin, resveratrol, and radiation at applied

doses fail to upregulate GADD45α expression in NSCLC

cells, but through the suicide gene therapy vector, they are

able to achieve a high protein level of GADD45α.
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Figure 1 Cisplatin, resveratrol, and radiation inhibit the survival of NSCLC cells. H1299 (blue line), A549 (red line) or H23 cells (green line) were cultured with various

concentrations of cisplatin (A) or resveratrol (B), or exposed to indicate doses of radiation (C). After 2 days, cell viability was measured by MTTassay. Results represent the

mean ± SD of quadruplicate experiments.
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Inhibition of NSCLC cell survival by

activated pE9NS.G45α
MTT assay was performed to evaluate cell survival after

suicide gene therapy treatment. The cells were transfected

with control or therapeutic vector, and on the second day

exposed to 3 µM of cisplatin, 25 µM of resveratrol or 5 Gy

of radiation for additional 48 hrs. As shown in Figure 4A–C,

each therapeutic combination significantly decreased cell via-

bility compared with control vector plus the same treatment.

For example, a dose of 5 Gy radiation with control vector

reduced A549 cell viability to 83%, but the number dropped to

56% in pE9NS.G45α-transfected A549 cells followed by irra-
diation (Figure 4B). In general, activated suicide gene therapy

vector inhibited cell survival by 13–27%. Therefore, it is

confirmed that the expression of transgene GADD45α can

enhance the cytotoxicity of cisplatin, resveratrol, and radiation

in NSCLC cells independent of p53.

Apoptosis is induced by activated pE9NS.

G45α
To test whether overexpression of GADD45α sensitizes

NSCLC cells to cisplatin, resveratrol, and radiation by

inducing apoptosis, H1299, A549, and H23 cells were

transfected with control vector or pE9NS.G45α for 24

hrs, and then treated with 3 µM of cisplatin, 25 µM of

resveratrol or 5 Gy of radiation for additional 2 days
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Figure 2 Synthetic CArG promoter E9NS is inducible by cisplatin, resveratrol, and radiation in NSCLC cells. H1299 (A), A549 (B), or H23 (C) cells were transiently co-

transfected with a firefly luciferase construct containing nine repeats of new sequence CArG element (promoter E9NS) and Renilla luciferase reporter (pRL-TK). Forty-eight

hours after transfection, the cells were exposed to cisplatin (1 and 5 µM), resveratrol (10 and 50 µM), or radiation (2 and 8 Gy) overnight, and luciferase activities were

measured by dual-luciferase reporter assay system. Relative luminescence was the ratio of firefly and Renilla luciferase activities and represented as mean ± SD of triplicate

experiments. T-test with Welch’s correction was performed to determine the statistically significant difference from control (no treatment), * p<0.05; ** p<0.01.
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before subjected to Annexin V-FITC/PI staining and flow

cytometry. Figure 5A is the data from H1299 cells exem-

plifying the results from the other two cell lines. The

percentages of apoptotic cells were recorded as the sum

of the percentages of early-phase apoptotic cells (Annexin

V-FITC+/PI–) and late-phase apoptotic cells (Annexin

V-FITC+/PI+). A significantly higher percentage of apop-

tosis was observed in cells transfected with pE9NS.G45α
and stimulated. For instance, 3 µM of cisplatin alone

increased the apoptotic rate by 10% in A549 cells, while

combined with suicide gene therapy vector pE9NS.G45α,
the percentage was increased to 48% (Figure 5C). Other

combinations exhibited similar results. All the combina-

tions successfully enhanced apoptosis in H1299, A549,

and H23 cells and no significant differences were noticed

among three NSCLC cell lines (Figure 5B–D). We also

detected the levels of apoptosis-related proteins by western

blot analysis, and found that the level of caspase-3 was

decreased upon gene therapy treatment, while the levels of

cleaved caspase-3 and cleaved PARP were increased

(Figure 5E). In sum, combining our suicide gene therapy

with cisplatin, resveratrol or radiation is able to induce

apoptosis in NSCLC cells with various p53 statuses.

Discussion
Our study has supported the role of GADD45α as

a suitable target for NSCLC therapeutics by showing that

transcriptionally targeting GADD45α could reduce cell

survival and induce apoptosis (Figure 6). GADD45α upre-

gulation is involved in the anti-tumor activity of a number

of cancer therapeutic agents, and overexpression of

GADD45α has achieved success in several pre-clinical

anti-cancer studies.19 Li et al, transfected pancreatic cells

with the adenoviral construct of GADD45α and observed

growth suppression caused by apoptosis and cell cycle

arrest.20 Tong et al, found that upregulation of

GADD45α was positively correlated with cell growth

inhibition and activation of apoptosis in colon carcinoma

cells.3 High expression of GADD45α is associated with

good prognosis in lung squamous cell carcinoma (LSCC)

patients, and heterogeneous nuclear ribonucleoprotein

U-mediated GADD45α upregulation can sensitize LSCC

cells to cisplatin.21 However, the function of GADD45α in

cancer may be paradoxical. Knockdown of GADD45α
facilitated temozolomide (TMZ)-induced cell growth

arrest and programmed death in both TMZ-sensitive and

TMZ-resistant glioblastoma multiforme partially by redu-

cing TMZ-induced p53 expression.22 Blocking GADD45α
expression facilitated the cytotoxic effect of ultraviolet

(UV) irradiation and cisplatin in RKO cells by decreasing

DNA repair, indicating that intrinsic increase of

GADD45α protein may also play a role in cell survival

depending on cell type, stimulus and possibly the intensity

of stimulus.23 Therefore, it would be also interesting to

determine whether antisense of GADD45α could benefit

DNA-damage based therapy for NSCLC.

pTarget + + + + - - - -
pE9NS.G45α - - - - + + + +
3 µM cisplatin - + - - - + - -
25 µM resveratrol - - + - - - + -
5 Gy radiation - - - + - - - +

GADD45α

β-actin

H1299

A549

H23

GADD45α

β-actin

GADD45α

β-actin

Figure 3 Synthesis of GADD45α protein by activated suicide gene therapy vector. Cells were transiently transfected with control vector (pTarget) or suicide gene therapy

vector (pE9NS.G45α) for 24 hrs and exposed to 3 µM of cisplatin, 25 µM of resveratrol or 5 Gy of radiation for additional 24 hrs. GADD45α and β-actin (loading control)

protein expression were determined by western blot analysis.
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Our results demonstrate that high levels of GADD45α
protein sensitize NSCLC cells to cisplatin, resveratrol, and

radiation regardless of p53 status, and further reinforce that

GADD45α-targeted gene therapy can be utilized for cancer

prevention or treatment without concern of p53 function. p53

is a well-identified tumor suppressor, and its dysregulation

including mutation and deletion is highly related to tumor-

igenesis and poor prognosis. As a regulator of GADD45α
expression, p53 can mediate GADD45α protein levels

through both transcriptional and post-transcriptional ways.

The p53 binding sites on GADD45α have been well recog-

nized, and the post-transcriptional regulation involves miR-

138 and miR-130b.21 The necessity of p53 in GADD45α
regulation depends on the type of stress. For example, the

presence of p53 is mandatory for the induction of GADD45α
by ionizing radiation, but histone deacetylase inhibitors can

activate GADD45α expression without functional p53.24,25

On the other hand, p53 may modulate GADD45α-associated
cellular changes. GADD45α silencing represses skin squa-

mous cell carcinoma (SCC) cell apoptosis and senescence

through p53 signaling pathway.26 Overexpression of

GADD45α suppressed the proliferation of HeLa cells that

are p53-inactivated through inducing apoptosis not G2/M

arrest, suggesting that p53 is required for GADD45α-
induced cell cycle G2/M arrest, but is unimportant in

GADD45α-induced cell growth inhibition.3,27

Besides inducing apoptosis and growth arrest, GADD45α
has other anti-tumor properties. It suppresses angiogenesis
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Figure 4 Effect of activated suicide gene therapy vector on NSCLC cell survival. H1299 (A), A549 (B), or H23 (C) cells were transfected with control vector (pTarget) or suicide

gene therapy vector (pE9NS.G45α) in 96-well plates. Twenty-four hours later, the cells were exposed to 3 µM of cisplatin, 25 µM of resveratrol or 5 Gy of radiation. After 2 days,

MTTassay was performed to determine cell viability. Means of quadruplicate experiments and SDs were shown. T-test withWelch’s correction was used to analyze the statistically

significant difference between pTarget- and pE9NS.G45α-transfected samples with same treatment (eg, pTarget+cisplatin vs pE9NS.G45α+cisplatin), * p<0.05; ** p<0.01; N.S p>0.
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Figure 5 NSCLC apoptosis induced by activated suicide gene therapy vector. H1299 (A and B), A549 (C) or H23 (D) cells were transfected with control vector

(pTarget) or suicide gene therapy vector (pE9NS.G45α). At 24 hrs after transfection, the cells were exposed to 3 µM of cisplatin, 25 µM of resveratrol or 5 Gy of

radiation. After 2 days, the cells were subjected to Annexin V-FITC/PI staining and analyzed by flow cytometry, or the protein lysis was collected for western blot analysis

(E). Percentage of apoptotic cells is the sum of percentages of early- and late-phase apoptotic cells and is presented as mean ± SEM of three independent experiments.

Statistics was performed by t-test with Welch’s correction to compare pTarget- and pE9NS.G45α-transfected samples after same stimulation (eg, pTarget+cisplatin vs

pE9NS.G45α+cisplatin), * p<0.05; ** p<0.01.
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through blocking mTOR/STAT pathway and alters gene

expression through unknown mechanisms against cancer

cell migration and invasion.28,29 In our laboratory, a lower

ability in wound-healing was observed after cells were trans-

fected with GADD45α cDNA (data not shown), indicating

the possibility of our suicide gene therapy in anti-invasion

and anti-metastasis. A recent report revealed the inhibitory

action of GADD45α in autophagy by impairing the interac-

tion between BECN1 and PIK3C3, thereby repression of

autophagy might be another mechanism contributing to

GADD45α-operated programmed cell death.2

Previously, we optimized synthetic CArG promoter in

response to resveratrol by changing the number and sequence

of CArG elements and found that E9NS, which contains nine

repeats of new CArG sequence (CCATATAAGG), had the

maximal induction.14 In addition to cisplatin, resveratrol, and

radiation, which have been proven in this report as appropriate

candidates to combine with our suicide gene therapy vector,

previous research has provided an additional tool for the

candidates. Lopez et al, have affirmed that cyclophosphamide,

doxorubicin, 5-FU, and gemcitabine are all able to initiate

CArG element-controlled gene therapy, and reactive oxygen

species (ROS) plays a vital role in the activation of CArG

elements.15 Hence, other chemotherapeutic agents and natural

compounds that increase ROS level may be evaluated in

combinationwith our suicide gene therapy vector in the future.

Conclusion
In conclusion, our suicide gene therapy is potentially

applicable to patients with NSCLC as an adjunctive ther-

apy to increase the sensitivity of tumor to chemotherapy

and/or radiotherapy. The suicide gene therapy vector can

be combined with chemotherapeutic agents, radiation or

natural compounds alone or in combination according to

the tolerance of patients and the characteristics of tumors.
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